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MACHNUMBERSOF 2.0,1.8,1.5,AND0.66

ByAlfredS.ValerinoamdRobertF. Zappa

suMMARY

Severalunderslungscoop-typeinlets
wereinvestigatedatMch numbersof 2.0,

mountedona bodyofrevolution
1.8,1.5,&nd0.66throughan

angle-of-att=ckrangeof -3°to 6°. Geometricdifferencesbetween–inlets
includedrampaagle,frontalarea,splitter-plateheight,andaspect
ratio.

Someof theinletsinvestigatedutilizedauxiliarythroatbleed.In
● general,throatbleedin conjunctionwithbypassflowincreasedthepeak

recoveriesatMachnumberof 2.0throughouttheangle-~f-attackrange.
Thebestover-allangle-of-attackpeakpressurerecoverieswereobtained

4 withan inlethavinga 10°precompressionrampaheadoftheinlet.The
stablesubcriticalrangeof alltheinletswaspracticallynonexistent
at a Machnumberof 2.0. Severepulsingwasobservedwhentheterminal
shockwaslocatedslightlyaheadof thesplitterplate.Useof a flat
plateprojectedintothepathof theenteringairdelayedtheonsetof
severepulsing.Performanceof oneof thebetterinletsoperatingwith
designbypassflowwassuchthat,iftheinletwerematchedwitha
turbojetengine,thetotal-pressuredistortionwouldbe essentiallyin-
dependentofMachnumberandangleofattack.

INTRODUCTION

Investigationsof theperformanceofunderslungscoop-typeinlets
havebeenconductedintheNACALewis8-by 6-footsupersonictunneland
aredescribedinreferences1 and2. A continuationof thesetests,
utilizingthesamebasicmodelasreportedinreferences1 and2 butem-

4 ployingotherinlets,isreportedherein.

* Pressure-recoveryandmass-flowcharacteristicsof severalinlets
withboundary-layerremovalaheadof theinletswereinvestigatedat
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free-streamMach.numbersof 2.0,1.8,1.5,amd0.66andthroughan angle-
of-attackrange”of-3°to 6°. Geometricdifferencesbetweeninletsinves-
tigatedincluderampangle,frontalarea,aplitter-plateheight,auxiliary
throatbleed,andinletaspectratio.Thepeak-pressure-recoverycharact-
eristicsof theseinletsatanglesofattackarecomparedwiththoseof
two inletsofreference1. —.-
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SYMBOLS

area, sqft

aspectratio,ratioofMet frontalheightsquared
to frontalarea

splitter-plateheight.. —

Machnumber

massflow —

ratio.ofmassflowat compressor-facestationtothat
infree-stream-tubeareaequalto i,nletfrontalarea

totalpressure —

distortion

inletweightflow,lb/see

correctedweightflowat compressorface,
(lb/see)/sqft

angleofattack,deg

boundary-layerthickness

ratioof totalpressuretoNACAstandardsea-level
pressureof 2116lb/sqft
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APPARATUSANDPROCEDURE

Apparatus

A schematicdiagramof themodel,whichwasa sting-mountedbodyof
revolutionwithan=derslunginlet,ispresentedinfigure1. Four
sweptforward,single-oblique-shockinlets,designatedas inlets1 to4,
wereinvestigated.Inlets1,3,and4,aswellas theapproachC config-
urationofreference1,hada flatapproachaheadof theinlet(parallel
tothemodelcenterline).TheapproachB configurationofreference1 had
anapproachangleof 1.28°)andinlet2 hada 10°-precompression-ramp
approach.Inlet1 wasalsotestedwitha 10°precompressionrampahead
of theinlet.

Fuselageboundary-layer-removalsystemswereaployedwitheachin-
let. Theboundary-layerairremovedaheadof theinletswaseitheren-
tirelydivertedorpartiallytakenaboardandthenexhaustedthroughports
on thesideof thefuselageshowninfigure2.

Photographsandschmaticdiagramsof inletconfirmationstestedare
presentedinfigures3 and4,respectively.Schematicdiagramsof thein-
letsof reference1 aregiveninfigure4(e).Alltheinletsweredesigned
tooperateat a Machnumberof 2.0. Thelipsof theinletswereswept-
forwardatan angleof43.75°
designMachnumber.

~whichapproximatestheobliqueshockat

Variationsinthegeometryof theinletsandalterationsto theinlets
arelistedintableI. As indicated,theinletsweresizedtomatchthree
differentengines(A,B, andC)requiringdifferentairflows.

Areavariationsof inlets1 to4 arepresentedinfigure5. Thelocal
areaisnormalto themeanflow. Centerbodiessimulatingcompressorhubs
of turbojetengineswerelocatedintheforwardpositionofa constant-
areaducthavinga lengthof 43.4inches.Thenoseof thecenterbodyex-
tendedintothediffuser.Massflowthroughtheinletwasremotely
controlledby a pluglocatedat theexitof theconstant-areaduct.

.,
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A slottedbleedring,withslotsalongthe
withthemainflow,waslocatedupstreamorthe
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ductperipheryanddined -.
com~ressor-facestation

tobypassairthatcouldbe utilizedforcoolingor-foran ejector-type
exhaustnozzle.Thebypassair>whichwasremotelycontrolledbymeihls
ofa plug,wasmanifoldedandthendischargedaxiallythrougha 2-inch
duct(showninfig.1). Testdatawereobtainedat threebypass-plug
positions:fullyopened,closed,
an earlierinvestigationof these

Instrumentation

Instrumentationat theinlet

anda“designsettingpredeterminedfro-m
inlets.

ad DataReduction

throatstationconsistedof twototal-
pressurerakesto determineentrancetotal-pressureTroflles.These
rakeswereremovedas soonas entranceconditionsweredetermined.At
thecompressorface,eighttotal-pressureTakeswereinstalledand
eightwallstatictapsweremountedonthecenterbody.Totalpressure
at thecompressorfacewasdeterminedfromanarea-weightedaverageof
thelocaltotalpressures.Total-pressuredistortionswerealsoob-
tainedfromtherakedate.

At supersonicspeeds,inletmassflowswerebasedontheaverageto-
talpressureat thecompressorfaceandachokedexitplug.Bypassmass
flowsweredeterminedfromfourwallstaticorificesinthe2-inch
constant-areaductanda chokedexitplug.At free-streamMachnumberof
0.66,however,neitherthemainnorthebypassexitplugwaschoked.
Primarymassflowswerebasedon average+iotalandstaticpressuresat
thecompressorface.Bypassmassflowswerenotobtainableata Mach
numberof0.66.

RESULTSANDDISCUSSION

Pressure-recoveryandmass-flowcharacteristicsoftheinletstested
throughanangle-of-attackrangeof -3°to 6°atMachnumbersof 2.0j1.8,
1.5,and0.66arepresentedinfigures6 to 16.

InletStability

At a Machnumber
buzzplate(fig.11],

of 2.0,withtheexceptionofinlet1 withthe=ti-
thesubcriticalstablerangewasverysmall.Schlie-

renobservationindicateda flutteringof,,thelambdalegof theterminal
shockwhentheshockapproachedtheleadirigedgeof thesplitterplate.
Whentheshockmoved.forwardof thesplitterplate,severepulsingwas
noted.Thisisillustratedintheschl.ierenphotographsshownin
figure17.
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s As free-streamMachnumberwasdecreased,thesubcriticalstable
rangeincreased.However,at thelowerMachnumbers,thecontraction
ratiowastoolargeto swallowtheterminalshock.

5

Projectionof theantibuzzplateintothepathof theairentering
inlet1 considerablyincreasedthesubcriticalstablerangeat allMach
numbersandanglesofattack.

PeakPressureRecoveries

Theeffectsof angleofattackandinletalterationsonpeakpressure
recoveriesareshownin figure18. At free-stream~ch numberof 2.0
(fig.18(a)),bypassinglow-energyairaroundthecompressordidnotsig-
nificantlyimprovepeakrecoveriesthroughtheangle-of-attackrange.The
useof auxiliarythroatbleedinconjunctionwithbypassairwaseffective
in increasingthepeakrecoveryat 0°angleofattacktoapproxtiately84
percent(a5-percentincreaseabovethatof inlet1 withnobypassair-
flow). Thethroat-bleedconfigurationsweresensitiveto increasesin
angleof attack.

Thebestover-allangle-of-attackpeakrecoverieswereobtainedwith
inlet1 utilizingthe10oprecompressionramp. Thisinletwas relatively
insensitiveto increasesinang}eof attack.Theeffectsofprecompres-
sionarenotclearinallcases,however,sincethepeakrecoveriesof
inlet2 withthe10°precompressionrampdecreasedwith.increasingangle
ofattack.

At Machnumbersof 1.8and1.5,therewasessentiallylittlediffer-
enceintheangle-of-attackpeak-recoverycharacteristicsof thevarious
inletsinvestigated.

Thepeakrecoveriesof theseinletsarecomparedwiththoseof the
inletconfigurationsofreference1 in figure18(b).At Mach2.0,the
approachB configurationof reference1 andinlet2 withauxiliarythroat
bleedhadcomparableperformance,whiletheapproachC configurationof
reference1 wascomparableto inlet2 withoutthroatbleed.

Total-PressureDistortions

Typicaltotal-pressuredistortionsat thecompressorfaceof inlet1
withandwithoutauxiliarythroatbleedarepresentedinfigure19. Use
ofthroatbleedwithbypassflowdidnotreducethedistortionlevel;the
distortionswereessentiallythesameas thoseof inlet1 withdesign
bypassflow. Increasesinbypassflowincreasedthedistortionlevel.

Withinlet1 operatingwithdesignbypassflowandmatchedto turbo-
jetengineA, requiringcorrectedweightflowsat thecompressorfaceof
approximately28, 31, and35poundspersecondat free-streamMachnum-
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hersof 2.0,1.8,and1.5,respectively,themagnitudeof distortionwas
independentofMachnumberandangleof attack(distortionmagnitudeof

9

15to 18percent).

Typicaltotal-pressure-contourmapsof inlet1 withandwithoutaux-
iliarythroatbleedandwiththe10°precompressionramparepresentedin
figures20 to 22. AtMachnumbersof1.5,1.8,and2.0,useofthroat
bleedwithdesignbypassflowdidnotsignificantlyaffectthelocation

.—

of thehigh-pressureareas.In general,thehigh-pressurelobeseither
surroundedthecenterbodyorwerefoundinthelowercentralportionof E
theduct. ,, aa

Useofprecompressionaheadof inlet1 atMachnumbersof1.5and
1.8didnotsignificantlyaffectthehigh-pr%sswe-lobelocation.At~ch.. .
z’.o,precompressionshiftedtheducthigh-pressureareaina m~er which
variedwithinletoperatingconditions.

—

Typicaltotal-pressureprofilesat thethroatsof,,inlet1 and2 are
similar,as showninfigure23. However,thetotalpressuresnearthetop””
of theduct(approx.3 in.frominletfloor)wereslightlyhigherininlet
2 becauseoftheprecompressionsurfaceaheadoftheinlet.

SUMMARYOFRESULTS —

A seriesofunderslungscoop-typeinlets,withandwithout8UXi1@7
.

throatbleed,wereinvestigatedthroughanangle-of-attackrangeof -3*to
6°andatMachnumbersof0.66,1.5,1.8,and2.0. Geometricdifferences b,
betweeninletsincludedrampangle,frontal.area,splitter-plateheight,
andinletaspectratio.Thefollowingresultswereob=tiined:

1. In general,useof throatbleedinconjunctionwithbypassflow ,
resultedin increasesInpeakpressurerecoveriesthroughouttheangle-of-
attackrangeata free-streamMachnumberof 2.0.

2.Bestover-allangle-of-attackpeakrecoveriesyereobtainedwith
inlet1 employinga 10°precompressionrampaheadof theinlet;theInlet
wasrelativelyinsensitivetoangleofattack.

.-

3. Stablesubcriticaloperationoftheinletconfigurationswasprac-
ticallynonexistentata free-streamMachnumberof 2.0. Severepulsing
occurredwhentheterminalshockwaspositioned
splitterplate.

4. Theprojectionof a flatplateintothe
delayedtheonsetof severepulsing.

slightlyaheadof the
-..

pathof theenteringair *
— —.
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Fora turbojetenginematchedto inlet1 operatingwithdesign
flow,thetotal-pressure-distortionlevelwasessentiallyinde-

pendentofMachnumberandangleofattack.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,December18,1956
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Wet Ea.gine Rmp RrOntd Aspect splitter-h/6 at Alterations
aogle, arem, ratio, plate ~ = 2.0,
deg Bg.ft d height, l.z=@

h, in.

1 A 14 0.174 0.78 0.543 0.776 (a)Flushthroatslothavingarea
equalto 0,15throatar~

0.776 (b)Ram throatslothavingheight
equalta 0.17in.,area. 0.10
throatarea

0.776 (c)Reducedthroatslothavingare
ew.d ta 0.15throatarea

----- (d)10° FrecompreasionranrEforuar
of inlet

0.776 (e)1.423-by 1.613-in.flatanti-
buzz plateat station82.15

2 B 12 0.141 0.79 0.406 ----- (a)10° Fremmpreaaionramp
,.

(b)10° Precompressionrempwith
flushthroatBlothavingaraa
equalto 0.12throatarea

3 c 14 0.134 0.11 0.543 0.776 None

4 B 12 0.143 0.62 0.543 0.776 Hone

W.srence 1, B 14.2 0.131 0.99 0.68 1.2
approachC
(short
splitter)

:ference1, B 14,2 0.131 0.99 0.39 0.6S
apprnachB
(flushceil-
ing slot)
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(a)Inletlwithreduced (b)Inletlwithpre-
throatslot. compressionramp.

.

(c)Inletlwith antibuzzplate.

(d) Inlet 2.

11

(e) Inlet3.

Figme3. - Photographsofinletconfigurations.
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(e) Inlet

Figure 4, - Concluded.
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Figure17,- Schlierenphotographof iml.et1 withflushthroatslotat free-atmam Kch nunberof 2.0and@ @e
of attack.
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NACARM E56K29
.

I configuration Bypass-plug
position

O No bnassflQw
IJ Bypassflow

2

,,),:

Flushthroatslot
Ram throatslot

V Reducedthroat Design

slot
k PrecompreBsion

ramp
I
%

.85 —2!0

.75

.95 !
1.8

.85+

:4 0 4 8

Configuration ByQasO-pUJg
position

I

Inlet2
< Inlet2j

flush
throat
slotz

D Inlet 3
a Inlet&

o ApproachC
(short
splitter,
ref.1)

Design

NO bypms flow

—

h ApproachB No bypassfiow
(flush“~
ceiling
slot,
ref.”1)_

.—

*

.—
?

‘EEEFE
II ‘Q‘ r ‘ “<--x p-

4 8-.u

Angleof attack,.a, deg ~-
.—

(a)Inlet1. (b}Otherinlets. ...-

Figure18. - Effectsof angleof attacke+~ inlet.titerationson peakpressure
recoveriesof inlets. . ____
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(,) Pme-meamWhma@, 2,0, (0) Fmm-atImm Mohnmbu., 1.9.

(b) -GBCWH Rmh mmbm, 1.8. (d] --SQW= Raoh MMMI., 0,5S.

Figure 19. - Typical total-pressure dlBtOrtiOnB at compressor face fOr inlet 1.



NACARM E56K29

Criticalandpeek gi@critical.—

.U.

.

W% 0.814 - 0.787
mblm3 0.174 — 0.178
P#Po 0.801 . 0.800

(a)Free-etreamMachnumberL2.0. _

0.831
0.174
0.889

eCompressionsurface

Inlet(front-view)

-

—,

0.791
- 0.152

0.886

(b)Free-streamMaohnumber,1.8. ‘-

‘dmo 0.791
m~m3 0.09Q
F@o 0.946

.,

.

—-. .
.—

—.
.

.
.. —..—

-.
.,

—
0.751—
0.097
0.944

-,”:

(c)Free-streamMachnumber,,1.5. ~ .—

Figure20.
.-

- Total-pressurecontoursat cqjpressor-faoeStitiOnof inlet1. Msi2n
.

bypase-plugposition;angleof attaok,3 . —. —.

NW..
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Critical

37

Subcriticalend peak

-1

m~m~ 0.803
mb/m3 0.177
P@o 0.798

(a)Free-streamMachnumber,2.0.

m~mo 0.774
mJmj 0.082
P?J/Po 0.948

eC0mpre,9elonsurface

Inlet(frontview)

0.+86
0.187
0.815

0.739
0.100
0.947

(b)Free-.atreamMachnumber,1.5.

Figure21.- TWal-pressure.contoursat compressor-facestationof Inlet1 withflushthroat
slot. DesLgnbypass-plugposition;angleofattack,3°.
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Critical SuborlQioalandpeak

m~mo 0.6.62 .
‘b/m3 0.167
P~Po 0.022

(a)Free-streamMachnumbar,~.O.

Criticalandpeak e.Compression
surface

.

Inlet(frontview).:

..

“d”o 0.860

%&
,,.

0.143 .

0.912 --
T,,

(b)Free-?treamMachnumber,1.8.

m~mo 0.+56

‘b/m3 0.094
P3/PIJ 0.936

Figure22.- Total-pressure
ramp. Deeignbypass-plug
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(c)Free-streamMachnumber,1.5. ‘

oontwrsat compressor-faoetationof inlet1 with8position;angleof attaok,3 .
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Figure23. - Typicalthroat H-pressure profilw of inlet. 1 ard 2. Free-atreem.14xhnumber,2.0.
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